The prediction of precipitation phase and intensity in complex terrain is challenging when the surface temperature is near 0
ture feedback from melting snow generates cold dense air moving downslope, hence altering the dynamics of the storm. A correlation has been commonly observed between the direction of the valley flow and the precipitation phase transition in complex terrain. This study examines the impact of temperature feedback from melting snow on the direction of the valley flow when the temperature is near 0
• C. Semi-idealized two-dimensional simulations using the Weather Research and Forecasting model were conducted for a case of moderate precipitation in the Pacific Coast Ranges. The results demonstrate that the temperature feedbacks caused by melting snow affects the direction of the flow in valleys. Several microphysics schemes (1-moment bulk, 2-moment bulk, and bin), which parameterize snow in different ways, all produced a valley flow reversal but at different rates. Experiments examining sensitivity to the initial prescribed snow mixing ratio aloft were conducted to study the threshold precipitation at which this change in the direction of the valley flow field can occur. All prescribed snow fields produced a change in the valley wind velocity but with different timings. Finally, the evolution of the rain-snow boundary with the different snowfields was also studied and compared with the evolution of the wind speed near the surface. It was found that the change in the direction of the valley flow occurs after the 0 • C isotherm reaches the base of the mountain. Overall this study showed the importance to account for the latent heat exchange from melting snow. This weak temperature feedback can impact, in some specific weather conditions, the valley flow field in mountainous area.
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Precipitation is one of the most important weather elements affecting our 2 society. Its occurrence represents a crucial part of the global water cycle 3 and it is a fundamental aspect of storms. The precipitation phase (i.e., 4 rain versus snow) has a major impact on the water resources in the spring 5 snowmelt season and plays an important role in determining flood hazard 6 (e.g. Barnett et al., 2005; Elsner et al., 2010; White et al., 2002) .
7
Formation and phase changes of precipitation are associated with diabatic 8 heating and cooling of the environmental air due to latent heat exchanges.
9
Cooling due to melting snow can alter the temperature profile, which can in
The characterization of the rain-snow boundary in mountainous terrain has been addressed in several studies including Medina et al. (2005) , Minder valley flow field is verified. A sensitivity experiment with various microphysi-66 cal parameterization approach was also conducted. Second, the sensitivity to 67 different precipitation rates, through prescribing different initial snowfields,
68
is studied to investigate the threshold precipitation rates required to produce 69 a change in the valley flow direction. Third, the evolution of the rain-snow
70
line is compared to the rate of change of the valley flow for the different 71 initial precipitation rates.
72
The paper is organized as follows. Section 2 describes the model config- 
141
The simulation was integrated with time steps of 1 s for a total of 8 h.
142
The Coriolis force and surface fluxes have been neglected in the simulations.
143
All clouds and precipitation are represented by the microphysics scheme, February 2010 at lower levels but stayed from the south at higher levels.
161
The meteorological fields were initialized using the Whistler (VOC) sound-
162
ing at 0000 UTC 14 February 2010 (Fig. 4 b- occurring over the domain.
234
The surface precipitation rates along the cross-section show a mixture of 235 rain and snow on the upstream side of the barrier (Fig. 6b) . The precipita- Fig. 8g-h ). This is coincident with a deepening of the layer of 316 cooled air in the same region (Fig. 8e) . Streamlines begin to rise far upwind 317 of the mountain to surmount this layer.
318
When the temperature effect of melting is suppressed in the simulations, 1982).
357
The interaction of the above mechanism with melting can be understood
358
by considering the evolution of the lowest 1 km of the atmospheric profile 359 upwind of the terrain (Fig. 10 ). Initially the low-level flow is unsaturated.
360
The profile is stable with respect to dry lifting, as evidenced by the profile 361 of θ (Fig. 10 d) . Although N 2 m is initially slightly negative below z = 1 362 km (Fig. 10 f) , since the flow is unsaturated, the profile is actually moist progresses, snow falls into the lowest layers and melts (Fig. 10 b) . This 365 gradually cools the air below 1 km to 0 • C (Fig. 10 a) . The cooling brings 366 this layer to saturation and excess water vapor is condensed out (Fig. 10 c) .
367
This isothermal layer increases the dry stratification as represented by θ and 368 the moist stratification as represented by θ e and N m (Fig. 10 d-f ). When the 369 temperature effect from melting is suppressed, only very modest amounts 370 of moistening and cooling occur in the lowest few hundred meters due to 371 sublimation ( Fig. 10 g-i) . These changes only cause slight modifications to 372 the upwind stratification ( Fig. 10 j-l) .
373
To explore changes in the dynamical regime associated with the observed produced by melting increases H m to 3.3, indicating that melting has changed the upwind profile in such a way that flow stagnation is much more favored.
383
In the no-temperature effect from melting snow experiment sublimation H m 384 only increases to 2.2, a much more modest change.
385
When the temperature effect of melting is suppressed, the lack of a sub- , 1985) . Eventually, the windward deceleration proceeds to the point 400 where the windward flow stagnates and reverses (Fig. 8 h) . shedding in the three approaches tested. would take 4 h for a precipitation rate of 1.25 mm h −1 .
518
Because of all the other processes influencing the temperature evolution with the vertical temperature, humidity and wind speed measured at VOC.
558
Snow was allowed to fall continuously from aloft at a constant rate on the 559 upstream side of the mountain, with no synoptic forcing.
560
A series of sensitivity experiments were conducted and the results showed snow is considered. Although all schemes produced a slightly different timing.
564
Further sensitivity studies with different precipitation rates led to the 565 following conclusions:
566
• The timing of the flow reversal as well as the depth of the layer in 567 which it was produced was comparable to the radar data for the control 568 simulation.
569
• All precipitation rates tested produced a flow reversal/stagnation but 570 at different rates. However, the time to produce it is much longer for 
